We investigate the long-term evolution and observability of remnants originating from the merger of compact binary systems and discuss the differences to supernova remnants. Compact binary mergers expel much smaller amounts of mass at much higher velocities, as compared to supernovae, which will affect the dynamical evolution of their remnants. The ejecta of mergers consist of very neutron rich nuclei. Some of these neutron rich nuclei will produce observational signatures in form of gamma ray lines during their decay. The composition of the ejecta might even give interesting constraints about the internal structure of the neutron star. We further discuss the possibility that merger remnants appear as recently discovered 'dark accelerators' which are extended TeV sources which lack emission in other bands.
Introduction
Compact binary mergers are ideal targets to study matter in extreme circumstances. Remnants left behind by such cosmological explosions are promising sites to investigate merger ejecta and its interaction with a surrounding medium. As remnants survive for a considerable time (∼ 10 6 years until they are diluted by turbulence of the surrounding ISM) it is possible to explore them long after the corresponding merger event and one should be able to find them as relics from nearby mergers which can be investigated in greater detail.
Observations have revealed that compact binaries exist in the universe. Several neutron star -neutron star (NSNS) binaries are identified (Stairs 2004 [39] ) and it is expected that they will spiral in as a result of gravitational wave emission and merge subsequently. Also possible signatures of the coalescence of compact objects have been observed. NSNS mergers were proposed as central engines of cosmological GRBs already about two decades ago (e.g. Paczyński 1986 [30] , Eichler et al. 1989 [15] ) and are nowadays considered as the most promising explanation for the subclass of short and hard bursts (Lee et al. 2005 [26] ). Theoretical progress on the physics of NSNS and neutron star black hole (NSBH) merger was made with extensive numerical simu- * wilfried.domainko@mpi-hd.mpg.de lations (e.g. Ruffert 1996 [36], 1997 [37] , Lee & Kluźniak 1999 [25] and Rosswog 2005 [35] ). These simulations revealed that compact binary mergers eject a small fraction of their mass (10 −4 -0.1 M ⊙ ) with a velocity of a significant fraction of the speed of light. The evolution of the ejecta on timescales of the first few days was investigated by Li & Paczyński (1998) [27] .
Gamma ray burst remnants (GRBRs) were studied in the past due to their aspherical shape (Ayal & Piran 2001 [5] ) and their ability to create giant HI holes in the interstellar medium (Efremov et al. 1998 [14] , Loeb & Perna 1998 [29] ). Very recently extended objects radiating in very high energy gamma rays without significant emission in other bands which were discovered by the H.E.S.S. collaboration (Aharonian et al. 2005a [1] , 2006 [3] ), were suggested to be GRBRs (Domainko & Ruffert 2005 [12] , Atoyan et al. 2006 [4] ).
Dynamical Evolution
Very energetic events exploding into a surrounding medium will leave remnants (e.g. Chevalier 1977 [9] ). In general remnants of cosmological explosions expand freely until the mass of the displaced ambient medium equals the mass of the ejecta. After this has happened the remnants thermalise and expand in the Sedov phase. Since compact binary mergers also have an outflow component in form of jets the evolution of the remnants will start highly aspherical. However, this outflow component will become quasi-spherical on timescales of less than one year (Livio & Waxman 2000 [28] ). Mergers eject a much smaller amount of material at a much larger velocity as compared to supernova explosions. Consequently the dynamical evolution of a merger remnant will differ from the evolution of a supernova remnant (SNR). Due to the small mass of ejecta in mergers the free expansion phase of a merger remnant will be short. Therefore it will enter the Sedov phase much earlier and with a much higher velocity than a SNR. We show this with an example. We calculate the expansion of a merger remnant and a SNR in a hot and thin medium with a density of n = 10 −2 cm −3 and a temperature of T = 10 7 K (the sound velocity in the adopted surrounding medium is 479 km/s). The choice of the embedding medium is motivated by the recent observations of short GRBs exploding in the intra-cluster medium of galaxy clusters (Gehrels et al. 2005 [18] , Bloom et al. 2006 [8] , Prochaska et al. 2006 [32] ). For a merger with a mass ejected of m ej = 5 × 10 −3 M ⊙ and an ejection velocity of v ej = 1.5 × 10 5 km/s (parameters are chosen to correspond to a kinetic energy of 10 51 erg) the free expansion phase will only last for about 12 years. In the early Sedov phase, the remnant still expands with a high Mach-number of 40 after 100 years (see Fig. 1 .). The situation is different for a supernova exploding into the same environment. For an extensive discussion of SNR in hot, thin media see Dorfi & Völk (1996) [13] and Tang & Wang (2005) [41] . A supernova type Ia with m ej = 1.4 M ⊙ and v ej = 5 × 10 3 km/s (E kin again 10 51 erg) will feature a free expansion phase of about 1360 years. The Mach-number of the corresponding remnant at the beginning of the Sedov phase is about 9 (see again Fig. 1.) . As one interesting result from these considerations, we find that merger remnants expand with high Mach-numbers also in hot, thin environments which makes them potential sites for particle acceleration even in media with large sound velocities.
The ejecta

Gamma ray line emission
The ejecta of compact binary mergers consist of exceptionally neutron rich material. This might result in the production and distribution of heavy r-process elements (Lattimer & Schramm 1974 [24] , Freiburghaus et al. 1999 [16] ). Some of these heavy nuclei will be radioactive and may emit observational signatures in form of gamma ray lines during their decay (Clayton & Craddock 1965 [10] , Qian et al. 1999 [33] , Domainko & Ruffert 2005 [12] ). Of special interest for the case of merger remnants are nuclei which have similar half life times as the average merger rate in the Galaxy, since these nuclei feature most likely the strongest emission in galactic remnants. The average merger rate in Sedov solution for a merger remnant SNR in free expansion SNR starts Sedov expansion Fig. 1 . Comparison between the evolution of a compact binary merger remnant and a supernova remnant (SNR). The merger remnant starts the Sedov phase much earlier with much higher Mach-number. After the SNR has entered the Sedov expansion (at an age of 1360 years), the dynamical evolution of both remnants is very similar since it only depends on the properties of the embedding medium and the mechanical energy of the explosion (here adopted to be the same for both cases). The major difference between the expansion of SNRs and merger remnants is in the time interval before the SNR reaches the Sedov phase (time < 1360 years). The curve of the temporal evolution of the Mach number in SNRs and merger remnants coincide in this plot after 1360 years. For more details see main text.
the Galaxy was estimated to about one event every (0.5 -7)×10
4 years using the properties of the known galactic NSNS systems (Kalogera et al. 2004 [22] ). This result is also in rough agreement with the constraints from the observations of short GRBs (Guetta & Piran 2006 [20] ). Hence in an optimistic scenario we expect one to several merger remnants with an age of 10 4 years in the galaxy. To estimate the expected signal of gamma ray lines which results from the decay of r-process nuclei we use the model of Qian et al. (1999 [33] ). In Table 1 we give the line strength of gamma ray lines connected to the decay of some heavy nuclei with half life times exceeding 1000 years. The values are calculated for the advantageous case of an age of the remnant of 5000 years, a distance of 2 kpc and an initial mass of each individual nuclei of 10 −5 M ⊙ . The yields of actinides in mergers may be significantly larger than in core collapse supernovae since for low values of the relative electron number density of the ejecta these events will mainly expel very heavy r-process nuclei (Ruffert et al. 1997 [37] ). The previously discussed gamma ray line sources could be promising targets for future instruments using focusing optics for soft gamma rays with Laue lenses or Fresnel lenses (Knödlseder 2006 [23] , Skinner 2001 [38] ).
Origin of the ejecta
The amount of ejecta depends on system parameters like the mass and the spin of the two components (Janka et al. 1999 [21] , Rosswog 2005 [35] ). One result of this effect will be that the origin of the ejecta inside the neutron star is different for different systems. For systems featuring a higher [19] ). Hence the composition of the ejecta can give interesting information about the internal structure of neutron stars. Even material from the core region of the neutron star might be expelled. In NSBH binaries the neutron star could be shredded due to several close encounters with the black hole until it reaches its minimal mass in timescales of tens of seconds (Davies et al. 2005 [11] ). Neutron stars with minimal mass may explode (Blinnikov et al. 1984 [7] ) which will appear as electromagnetic transients in the keV range with luminosities of up to 10 47 erg/s and a typical duration of around tens of seconds (Sumiyoshi et al. 1998 [40] ). Such events are indeed observed after some short GRBs (e.g. GRB 050724 Barthelmy et all. 2005 [6] , GRB 050911 Page et al. 2006 [31] ). In those systems the GRB could be launched by the first accretion event on the black hole (see also Davies et al. 2005 [11] and Page et al. 2006 [31] ) and the flare on timescales of 10 seconds thereafter might be interpreted as the explosion of the neutron star with minimal mass. In the later event material from the innermost regions of the original neutron star would be ejected into the surrounding (Sumiyoshi et al. 1998 [40] ).
High energy gamma ray signatures
A common feature of long as well as short bursts is a highly relativistic outflow in form of jets. Hence processes related to relativistic shocks will accelerate particles in both system in a comparable way which can then lead to very high energy radiation in their remnants. Differences in the appearance of GRB remnants will result from the fact that these two systems differ considerably in the nature and energetics of the central engine, the mass of ejecta and the environment into which they are evolving.
Energetics of the relativistic shocks
Relativistic shocks which are the connecting feature of both types of GRBs cannot accelerate particles to a spectrum represented by a single power law but will cause a spectrum with a break below some particular energy. Accelerated electrons (synchrotron) cool very quickly after the shock becomes non relativistic. During the evolution of the remnant, energy dependent diffusion will steepen the spectrum of the remaining cosmic ray protons and inject these high energy particles into the ISM. Interactions of the cosmic ray protons with the target material of the ISM through inelastic proton-proton collisions and subsequent π 0 decay (π 0 channel) will then lead to an extended, center filled TeV source with suppressed synchrotron emission. The total energy in cosmic rays which are accelerated by the relativistic jets of long GRBs and then injected into the ambient medium through the above mentioned scenario, can exceed the entire energy in accelerated particles generated by the non relativistic shocks of average SNRs by a factor of ∼100. Thus remnants of such events will very likely represent strong TeV sources. For a comprehensive description of the before mentioned model see Atoyan et al. (2006 [4] ). In contrast to typical long bursts the energy of short bursts can vary significantly. Several short events are found to be less powerful than typical long bursts by an order of magnitude (Prochaska et al. 2006 [32] ) whereas others are comparable in energetics to long events (e.g. GRB 051221A Soderberg et al. 2006 [34] ). Consequently the energy in cosmic rays available for production of very high energy gamma rays will in many cases be considerably smaller in remnants of short burst than in remnants of typical long bursts.
Signature of the ejecta
Important for distinguishing remnants from long and short bursts is the fact that this two distinct classes of bursts are launched by remarkably different events: long bursts are related to the death of very massive stars (Galama et al. 1998 [17] ) and the nowadays favoured model for short bursts is connected to the mergers of compact binary stars (e.g. Lee et al. 2005 [26] ). These diverse central engines will distribute a significantly unequal amount of ejecta. Hypernovae of very massive stars will expel a fair fraction of their mass into the explosion site. Mergers, as discussed in the introduction, will eject an amount of mass which is orders of magnitude smaller than in an average supernova. Therefore observational signatures of the ejecta in other wavebands in merger remnants will be much weaker than in hypernova remnants.
Impact of the environment
A major difference between the TeV gamma ray production in remnants of long and short GRBs is the environment in which those events explode. The environment is important in particular for the production of TeV gamma rays through the π 0 channel since it acts as the target material for the inelastic proton-proton collision. Long bursts on the one hand are generally connected to very massive stars so they will happen within or close to star forming regions. These locations are favorable for the hadronic π 0 channel since high density target material in form of molecular clouds is often present there. For compact binaries, on the other hand, it takes a much longer time until they finally merge and it is expected that these events happen in various environments, even in the low densities surrounding the galactic plane. Hence merger remnants will only produce noteworthy TeV emission in the case of location in reasonably dense media.
Summary
To summarize the above discussion, remnants of both type of GRBs may look like extended, center-filled TeV emitters with suppressed fluxes in the radio to GeV wavebands (Atoyan et al. 2006 [4] ). In the case of compact binary mergers the very high energy gamma ray emission will be less luminous but potential signatures of the ejecta in other wavebands will be much weaker as compared to the case of hypernovae.
For possible identifications of merger remnants with particular very high energy gamma ray sources it will be indispensable to identify the location of the sources in the galaxy. HESS J1303-631 is presumably connected to the Cen OB 1 association of very young stars (Aharonian et al. 2005b [2] ) and since compact binary mergers are likely related to an older stellar population it is not a promising candidate for a merger remnant.
